Vitiligo is a multifactorial disorder commonly associated with hypo-/depigmentation in the skin and may influence both children and adults psychologically because of the notable leopard-skin-like appearance. This study was designed to investigate the thiol/disulfide homeostasis in patients with generalized vitiligo and to determine its relationship with some of the demographical characteristics. Seventy-six generalized vitiligo patients and 67 healthy individuals were included in the study. Blood serum native thiol, disulfide and total thiol concentrations, together with some hematological parameters, were determined. Results demonstrated that native and total thiol contents, and their ratios, were significantly lower in vitiligo patients. Disulfide/native thiol and disulfide/total thiol ratios were significantly higher in the patient group. Progressivity of the disease strongly regulated the thiol/disulfide homeostasis in such a way that active vitiligo patients had reduced native and total thiol levels but increased disulfide/native thiol and disulfide/total thiol ratios. Moreover, there was a statistically significant negative correlation between both duration of the vitiligo and native and total thiol contents. As these results clearly demonstrated that thiol/disulfide homeostasis was shifted toward disulfide formation in patients with generalized vitiligo, determining the dynamic nature of thiol/disulfide homeostasis can be used to monitor disease progression.
INTRODUCTION
Vitiligo is a complex pathogenesis associated with characteristic skin depigmentation caused by melanocyte destruction. The main reason for the development of the disease is the adaptive autoimmune destruction of melanocytes, but this is not sufficient to describe the entire pathogenesis [1] . Several intrinsic factors within the melanocytes, such as adhesion defects, inflammasomes and development of oxidative stress in specific areas of skin are proposed to cause the destruction of melanocytes. Oxidative stress leading to the pathogenic event in melanocytes has been demonstrated in the epidermis of active vitiligo abrasions. Additionally, variations in the antioxidant defense systems have been noted in the epidermis, sera and melanocytes from vitiligo patient [2] .
The term thiol generally refers to compounds containing sulfur. In biological systems, thiol (-SH)-and dithiol (disulfide or -S-S-)-containing compounds are vital for life [3] . The majority of cellular thiol groups are found in proteins, while compounds such as glutathione, free cysteine and homocysteine also contain thiol groups independent of proteins [3] . The reduced free thiol groups and their oxidized disulfide forms can be converted into each other according to the cellular redox state. They therefore play an important role in keeping the intracellular reduction-oxidation potential in balance [4] . Maintenance of cellular antioxidant systems and regulation of signaling mechanisms have been found to be regulated by dynamic thiol/disulfide homeostasis [5] . In their reduced form, thiol groups have a generally positive role in redox regulation. However, it should also be noted that sometimes they might act as a prooxidant, as in the case of homocysteine, which inhibits the breakdown of hydrogen peroxide by catalase [6] .
Thiol compounds have been found to play a role in melanogenesis [7, 8] , and vitiligo with impaired melanogenesis can be linked with thiol compounds. Such an interaction suggests that there might be a link between plasma thiol levels and vitiligo development. In that respect, this study was designed to evaluate how thiol/disulfide homeostasis and some blood parameters are regulated in vitiligo patients. This study also aims to investigate whether blood count and thiol-disulfide homeostasis correlate with the demographic characteristics of the vitiligo patients, such as duration of disease, family history and activity (stable or progressive) of disease.
MATERIALS AND METHODS
This cross-sectional study was performed in accordance with the guidelines of the Helsinki Declaration, and was approved by the local ethical committee of Hitit University, Çorum, Tukey (Approval no: 2017/13). Informed consent was obtained from all subjects.
Subjects
The study reviewed 76 patients with generalized vitiligo who were admitted to the department of dermatology, and 67 healthy volunteers. A detailed history regarding the disease was taken and the activity of the disease was assessed as either "stable" or "progressive", based on the activity of the disease over the past 6 months. Patients with generalized vitiligo who received topical treatment for the last four weeks, systemic treatment in the last three months, who had concurrent systemic disorders, who smoked and consumed alcohol, who were pregnant or breastfeeding were excluded. Patients with any hematological or biochemical abnormalities observed during routine laboratory investigations were also excluded.
Collection of blood samples
In the early morning, after the 12-hour-long fasting period, venous blood samples were taken in collection tubes containing sodium citrate and ethylenediaminetetraacetic acid (EDTA) to prevent the blood to be icteric or hemolyzed. The blood was centrifuged at 700 x g, the supernatants were removed and kept at -80°C until analysis.
Analysis of plasma thiol and disulfide homeostasis
Serum thiol-disulfide components were measured by a Roche Hitachi Cobas c501 automatic analyzer by the automatic measurement method [9] . Accordingly, free functional thiol groups were produced from reducible disulfide bonds with sodium borohydride. The remaining sodium borohydride was treated with formaldehyde to prevent unintended reduction of 5,5-dithiobis-(2 nitrobenzoic) (DTNB). Reduced and native thiols were determined with DTNB and the amount of dynamic disulfide was calculated from the half of the difference between total thiol and native thiol. Disulfide/total thiol ratios, native thiol/total thiol ratios, and disulfide/ native thiol ratios were calculated.
Laboratory Studies
Hemoglobin content, leukocyte, lymphocyte, neutrophil and platelet counts, and mean platelet volumes (MPV) were measured by an automated blood cell counter (Advia 2120 Hematology Analyzer, Siemens Healthcare Diagnostics Deerfield, IL, USA).
Statistical analysis
The Shapiro Wilks (n<30) and Kolmogorov Smirnov tests (n>30) were used to test the normality of variables. Levene's test was used to check the homogeneity of variances. Independent sample T and Mann Whitney U tests were used for group comparisons when compatible. The effects of covariates were checked with the multivariate analysis of covariance (MANCOVA) test. Differences between categorical variables were compared using Pearson's chi-square on 2x2 tables, and Fisher's exact test on RxC tables. The Pearson correlation coefficient was utilized when the relations between numerical variables were examined. Collected data were analyzed by the Statistical Package for Social Sciences version 21.0 (SPSS IBM, Armonk, NY, USA). P values<0.05 were considered statistically significant. Table 1 shows the demographic characteristics and biochemical parameters of individuals along with the groups. The mean age of the individuals in the patient group was significantly higher than in the control group (P=0.009). While age distribution of the individuals was different, according to the MANCOVA test in which age was taken as covariate, it has no significant effect on all other analyzed dependent variables (except the total protein content). The mean albumin levels of the individuals in the patient group (4.21±0.43 g/dL) were lower than that of the control group (4.45±0.44 g/dL) (P<0.001). When thiol/disulfide homeostasis was examined, native thiol (339.69±67.65 µmol/L) and total thiol contents (377.75±69.41 µmol/L) of the vitiligo patients were significantly lower than in the control group (405.96±76.10 and 442.87±75.36 µmol/L; respectively) (P<0.001). Likewise, the native/total thiol ratio was also lower in the patient group. The oxidized form of the thiol groups was evaluated with the disulfide contents, and the disulfide/native thiol and disulfide/total thiol ratios were elevated in the vitiligo group (P<0.05). Age and gender did not have any significant effects on these parameters. Several blood parameters were also compared, and lymphocyte counts (LC) of vitiligo patients were augmented while the neutrophil/lymphocyte ratio (NLR) was reduced significantly (P<0.05).
RESULTS

Changes in serum thiol/disulfide homeostasis with vitiligo
Effects of demographic characters of patient groups on thiol/disulfide homeostasis
Some demographic characteristics and biochemical markers were compared with respect to genders of vitiligo patients and the results are summarized in Table 2 . The albumin concentration in male patients (4.31±0.44 g/dL) was higher than in females (4.05±0.38 Table 1 . Comparison of demographic characteristics and biochemical parameters of vitiligo patients and healthy subjects. g/dL) (P<0.009). The neutrophil count (NC) and the hemoglobin contents of male patients were significantly (P<0.05) higher than in female patients, but the platelet (PLT) levels were lower. The results also demonstrated that gender did not have any significant effects on other parameters (age of onset of illness, BMI, disease progression, skin phototype, presence of halo nevus, duration of vitiligo, lymphocyte levels, mean platelet volume, total protein, native thiol, total thiol, disulfide, disulfide to native thiol ratio, disulfide to total thiol ratio and native thiol to total thiol ratio) that were examined (P>0.05 for each).
Group
Patients with a family history of vitiligo had higher blood albumin levels than those without a family history of vitiligo (P<0.05). Similarly, LC values (2967.78±375.65 cell/L) in patients with a family history of vitiligo were significantly higher (2319.70±82.42 cell/L) than in patients without a family history of vitiligo. Other demographic characteristics and biochemical parameters were not dependent on the presence of a family history of vitiligo. In another comparison, the duration of vitiligo medication to patients aged 18 years and younger was higher than in those older than 18 years (p<0.001). Vitiligo patients were categorized into two groups as follows: a group of patients that had vitiligo symptoms for 8 years and less (≤8 years), and a group of vitiligo patients with vitiligo symptoms lasting more than 8 years (>8 years). The demographic characteristics and biochemical markers were compared with respect to disease duration. An interesting result is that the younger the onset of illness, the longer the symptoms that continue or vice versa. Vitiligo patients with vitiligo symptoms for 8 years and less (≤8 years) had an average onset of illness age (31±9 years) that was significantly higher than patients that presented the symptoms for more than 8 years (25±10 years). Furthermore, the NC in the patients (>8 years) was significantly higher than in those with symptoms lasting 8 years or less (P=0.026).
The role of progressivity of vitiligo symptoms on thiol/disulfide homeostasis was also investigated ( Table 3 ). The native thiol levels of stable vitiligo patients were significantly higher (368.16±53.61 µmol/L) than those with progressive (281.62±55.5 µmol/L) symptoms (P<0.001). Likewise, the total thiol aver- In contrast to these findings, active vitiligo patients had disulfide/native thiol and disulfide/total thiol ratios that were significantly higher (P<0.05 for each) than in stable patients. Progressivity also affected some of the blood parameters in such a way that PLT levels were increased, while mean platelet volumes (MPV) were reduced as compared to stable patients. When the other comparisons were inspected, progressivity did not affect other blood parameters (P>0.05). The results also demonstrated that the total protein serum level of patients with halo nevus was significantly higher than in patients without halo nevus (P=0.029) (data not shown).
Correlation analysis
Correlation analysis of biochemical parameters with the demographic characteristics was also performed in this study (Table 4 ). There was a weak but positive significant correlation between patient age and total serum protein levels (P<0.001). With increasing age, the amounts of total protein also increased. A similar result is also valid for the WBC counts. However, native and total thiol values were negatively correlated (P<0.001 for each) with the duration of vitiligo. Likewise, NC and LC values inversely correlated with vitiligo duration and they were statistically significant. The results also reflected that the body mass index (BMI) of vitiligo patients and serum albumin levels were negatively correlated with each other (P<0.001).
DISCUSSION
Being a chronic skin disorder characterized by irregular loss of skin color, vitiligo affects people at any age or ethnicity. The two main types of disease are generalized and segmental vitiligo. The former is the common symmetrical form and the latter is the one affecting only one side of the body [10] . Deterioration of melanocytes is the pathological hallmark of patchy skin, although its underlying mechanisms are not fully understood. Intrinsic factors such as autoimmunity, autotoxicity of melanocytes and mutations, and extrinsic factors like infections and xenobiotics have been considered as contributing factors [11] . Another main contributor to the disease is oxidative stress [12, 13] . Aberrant accumulation of free radicals interrupts redox homeostasis and eventually contributes to pathogenesis [14] . Melanocyte destruction caused by the accumulation of toxic free radicals is thought to initiate skin patches of vitiligo [15] .
Thiol groups are significantly included in signaling/homeostasis through oxidation, reduction and disulfide exchange. In cells, complete free thiols and thiol-containing compounds such as cysteine, glutathione and thiol proteins are present at specific oxidized/ reduced ratios. This pool of cellular thiols is controlled by mechanisms connected to their intrinsic activity against oxidant and antioxidant molecules and their dynamic production and elimination from the cells [16] . The conversion of native and oxidized forms to each other is strongly regulated by the cellular redox status which favors disulfide formation under oxidative conditions. Particular thiol pools in biological systems are in balance with the plasma thiol/disulfide pool, which has great biomedical significance because they participate in several processes such as cell signaling, antioxidant defense, and protein regulation [3] . Thiol/disulfide homeostasis is an important and reversible dynamic mechanism of oxidative stress in organisms. A number of studies have shown that thiol-disulfide homeostasis in human plasma can be related to oxidative reactions and antioxidant defenses in several diseases [5] .
Human plasma is relatively poor in thiol-based antioxidants; they are in lower concentrations than in cells and are mostly oxidized [16] . The most abundant protein in plasma is albumin and its thiol groups are the most abundant serum thiols, which are important targets for most radical species. This study demonstrated that albumin levels of vitiligo patients were lower than those in healthy subjects. This could be attributed to the degradation of oxidatively-modified albumins from the serum, since the half-life of a protein decreases under oxidative conditions [17, 18] . In a recent study, it was found that native and total thiol levels of vitiligo patients were higher than those of healthy subjects [19] . In contrast to this result, the decrease in native and total thiol contents as well as native/total thiol ratios and elevation of disulfide/native thiol and disulfide/total thiol ratios reported in this study, clearly demonstrated changes in serum thiol homeostasis in response to the oxidative state in vitiligo patients. Our study also uncovered a significant negative correlation between native and total thiol values and the duration of vitiligo. Patients with vitiligo are more susceptible to higher levels of oxidative stress than healthy individuals, and a global shift in serum thiol homeostasis in favor of prooxidants could account for the long-term pathogenesis of the disease. Therefore, quantitative investigation of the thiol redox state of plasma can provide relevant information as clinical evidence of the oxidative burden in vitiligo patients.
Lymphocytes are an important part of the immune system. They help fight diseases, and it is normal to observe a temporary rise in the number of lymphocytes after an infection and in inflammation [20] . The present study revealed the elevation of lymphocyte counts and a reduced neutrophil/lymphocyte ratio. These changes in inflammatory blood components might be the result of pathogenesis of vitiligo. Considering the effect of gender on blood biomarkers, the serum albumin levels, neutrophil counts and hemoglobin contents were found to be higher in males. This could be due to the faster adaptive response of male patients to vitiligo pathogenesis. In addition to gender, a family history of vitiligo also affected serum albumin and lymphocyte counts. Another interesting result derived from our study is that the younger the vitiligo patients are at the onset of illness, the longer the symptoms are suffered. This means that younger vitiligo patients had a worse disease prognosis. The role of progressivity of vitiligo symptoms on thiol/disulfide homeostasis were also investigated in this study. Native thiol and total thiol levels in stable vitiligo patients were significantly higher than in those with progressive symptoms. At the same time, active vitiligo patients had disulfide/ native thiol and disulfide/total thiol ratios that were significantly higher than in stable patients. The increase in oxidative components of thiol/disulfide homoeostasis observed with disease progressivity could point to further development of oxidative imbalance and an insufficient response to increased oxidative stress in patients with progressive vitiligo.
CONCLUSION
Impaired thiol/disulfide homeostasis in patients with vitiligo compared to the healthy controls is the central finding of this study. It is possible that impaired dynamic thiol/disulfide homeostasis plays a role in the pathophysiology of vitiligo by regulating the activity and release of melanin pigment and/or by damaging melanin-producing cells, melanocytes. A causal relationship between vitiligo and dynamic thiol/disulfide homeostasis has not yet been fully confirmed. Thus, further prospective studies are needed to elucidate the connection between these entities.
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